Objectives: To compare the visual and anatomical outcomes after photodynamic therapy (PDT) and navigated microsecond laser (nMSL) for chronic central serous chorioretinopathy (CSCR). Methods: This retrospective study included eyes with chronic CSCR who underwent either PDT or nMSL with a minimum of 6 months' follow-up. Eyes with a history of treatment with any other modalities in the past or during 6 months post PDT or microsecond laser follow-up were excluded. Primary outcome measures included change in best-corrected visual acuity (BCVA) and central macular thickness (CMT). Secondary outcome measures included changes in subretinal fluid, hyperreflective foci, cystic spaces, subfoveal choroidal thickness, and outer retinal structure integrity. Results: Forty-five eyes of 39 subjects (PDT group-23 eyes, nMSL group-22 eyes) with chronic CSCR were analyzed. At 6 months' follow-up, the nMSL group had significantly higher improvement in visual acuity compared to the PDT group (0.12 ± 0.24 vs −0.02 ± 0.20 (p = 0.039)). Reduction in central macular thickness was significantly higher in nMSL group compared to the PDT (85.5 ± 93.26 vs 24.47 ± 73.18 microns (p = 0.02)). Thirteen (59%) eyes in nMSL group had complete resolution of the SRF at 6 months compared to 5 (21.7%) eyes in PDT group. There was no significant difference in rest of the anatomical features between the groups. Conclusions: nMSL seems to be superior over PDT in improving visual and anatomical outcomes at 6 months and can be considered as a cheap alternative to PDT in treatment of CSCR.
Introduction
Chronic central serous chorioretinopathy (CSCR) is characterized by disseminated and extensive areas of granular hyperfluorescence on fundus fluorescein angiogram along with generalized areas of retinal pigment epithelial (RPE) atrophy, persistent subretinal fluid (SRF), unresolved intraretinal cystic spaces, and extensive outer retinal damage on optical coherence tomography (OCT) [1] [2] [3] [4] [5] [6] . In the last two decades, several treatment modalities for chronic CSCR have been investigated. These have included pharmacologic therapy, continuous-wave conventional laser thermal photocoagulation, photodynamic therapy (PDT), anti-vascular endothelial growth factor (anti-VEGF), and subthreshold micropulse diode laser [7] [8] [9] [10] [11] [12] .
PDT has been the mainstay of treatment for CSCR, especially for chronic CSCR. However, it is associated with various complications such as RPE atrophy, choroidal ischemia, and rarely choroidal neovascularization [13] . In presence of preexisting RPE atrophy and choroidal ischemia, PDT could be causing additional damage. Other associated limitations with PDT are unavailability and high cost.
In recent past, micropulse laser has been shown to be effective in acute as well as chronic CSCR, with stabilization of visual acuity, improvement in retinal sensitivity, and more importantly, without any complications [10, 12] . While there are comparison studies involving PDT, focal laser, and anti-VEGF efficiencies against one another [11, 14] there is a paucity of data relating the effectiveness of PDT and subthreshold laser in treatment of CSCR.
The purpose of this study was to compare anatomical outcomes using various spectral domain OCT (SD-OCT) parameters between PDT and micropulse laser in the management of chronic CSCR.
Methods
A retrospective study of patients who underwent either PDT or navigated subthreshold laser for the management of chronic CSCR, from January 2013 to February 2016 at the L. V. Prasad Eye Institute, Hyderabad, India was carried out. The study adhered to the Helsinki declaration, and Institutional Review Board approval (L. V. Prasad Eye Institute Ethics Committee) was obtained beforehand.
All clinically diagnosed cases of chronic CSC had additional SD-OCT (Carl Zeiss Meditec AG, Jena, Germany), fundus fluorescein angiography, indocyanine green angiography, and fundus autofluorescence imaging (Carl Zeiss Meditec AG), which helped confirm the condition and also gave additional information regarding the retinal and choroidal status. Patients who underwent microsecond subthreshold laser had their fluorescein angiographs on the Navilas ® system (OD-OS GmbH, Teltow, Germany), which was used for treatment as well.
The inclusion criteria were as follows: (1) age ≥ 18 years; (2) vision complaints for more than 3 months' duration due to persistent CSCR diagnosed by the presence of SRF at the fovea and verified by SD-OCT; (3) visual complaint for a duration of <3 months with clinically proven signs of chronicity like persistent intra-retina cystic and RPE changes provided that they had persistent SRF at the fovea verified by SD-OCT; (4) a minimum follow-up of 6 months.
The exclusion criteria were as follows: (1) a history of treatment with other modalities like anti-VEGF, focal laser, and eplerenone in past or during 6 months' follow-up after PDT or microsecond laser; (2) incomplete or poor quality of data on the duration of disease, history of treatment, and/or OCT findings; (3) comorbidity due to other vitreo-retinal/ macular disorders; (4) history of intraocular procedure 6 months before or after PDT/microsecond treatment; (5) patients on systemic medication such as pioglitazones, which could cause macular edema; and (6) spherical equivalent > ± 3 D.
A detailed ocular history (onset of symptoms and previous treatment), the demography (age and sex), laterality, and systemic comorbidities (diabetes and hypertension) were noted along with the best-corrected distance visual acuity (BCVA; Snellen's chart), and spherical equivalent of refractive status of the eye.
Photodynamic therapy
Trained consultants at the institute had treated areas of choroidal hyper-permeability at the posterior pole on indocyanine angiography (ICG) patients with half fluence PDT (25 J/cm 2 ) in which a normal dose of vertepofin (Visudyne; Novartis AG, Basel, Switzerland) had been infused to patients over 8 min followed by 83 s delivery of laser energy at 693 nm, 10 min after initiating the infusion. These data (i.e., dose, fluence, duration, and spot size) were retrieved and recorded for each eye.
Microsecond laser
Eyes for microsecond laser had been treated by the qualified consultants placing confluent spots over the area of focal leak on the earliest phase of fundus fluorescein angiography on Navilas ® system using 5% duty cycle with 100 micron spot size with 200 ms envelope. Thirty percent of threshold laser burn power was used.
Spectral domain OCT
The SD-OCT scans for the baseline, 3, and 6 months post treatment obtained by using Zeiss Cirrus HD-OCT (Carl Zeiss Meditec AG) were reviewed. The scanning protocol used had included HD5 line raster, HD single line raster, enhanced depth imaging (EDI), and macular cube.
Central macular thickness (CMT) was determined and analyzed automatically by OCT software as the retinal thickness area in the central 1 mm circle of the ETDRS fields [15] . Using a virtual caliper the subfoveal choroidal thickness (SFCT) was measured from EDI scan by taking the vertical distance between the hyper-reflective line of Bruch's membrane and the innermost hyper-reflective line of the chorioscleral interface, and the average of the two scans (vertical and horizontal) was regarded as the SFCT. Measurement of large choroidal vessel thickenss was made as the perpendicular distance from the innermost aspect of the large choroidal vessel layer to the chorioscleral interface at the fovea or close to 750 μm nasal and temporal to the fovea. In the same manner, neurosensory detachment (NSD) height was measured as the distance between the highest point of the NSD and the inner border of the RPE/Bruch membrane complex. The presence of photoreceptor inner and outer segment (IS/OS) granulation and external limiting membrane (ELM) disruption were graded independently from high-quality scans into percentages [16] . The IS/OS junction and ELM disruption was measured as a percentage (0-1000%) of disruption in 500 micron section in either direction from fovea, in both horizontal and vertical scans. An average of two measurements were considered for statistical analysis. Two masked observers performed this calculation with interobserver concordance of 0.94. Pigment epithelial detachment was defined as a dome-shaped protrusion of the RPE within the sub-RPE hyporeflective space and its height was measured with a caliper from the apex to the Bruch's membrane border. Irregular RPE, RPE bump, and RPE defect all were considered as part of altered RPE integrity and were reported present or absent.
The existence of PED and altered RPE integrity were assessed and the number of hyper-reflective foci (HF) was counted at the leakage site. HF were manually counted using a horizontal scan within the 500 micron area from the center of the fovea. HF were defined as discrete and wellcircumscribed dots whose HF was equal to or higher than the RPE band. HF clumps in the SD-OCT scan that were spatially matched to typical hard exudates and larger than 50 microns in size were excluded.
Statistical analysis
Descriptive statistics were calculated for each variable. Visual acuity was converted to the logarithm of the minimum angle of resolution (logMAR) for statistical analysis. Statistical analyses were calculated using GraphPad Prism 5 (GraphPad Software, Inc., San Diego, CA, USA). To analyze the change in BCVA and CMT at baseline, 3 and 6 months' follow-up, paired t-test was used. A P-value of 0.05 was considered statistically significant.
Outcome measures
Primary outcome measures included change in BCVA and CMT. Changes in SRF, HF, cystic spaces, CT, IS/OS, and ELM integrity were considered as the secondary outcome measures.
Results
Forty-five eyes of 39 subjects with chronic CSCR fulfilling the inclusion and exclusion criteria were analyzed in this study. Male patients were predominant, when compared to the females 7 (15.15%). Twenty-three eyes of 19 subjects were included in the PDT group, whereas 22 eyes of 20 subjects constituted the navigated microsecond laser (nMSL) group. The mean age (±SD) of the patients at presentation was 49.5 ± 19.8 (36-64) years. The PDT group was older than the nMSL group (50.1 ± 18.2 vs 48.9 ± 19.1 years; p = 0.04). There was no significant difference between the reported duration of the disease between the two groups (42.0 ± 79.9 vs 43.76 ± 101.1 months; p = 0.89). None of the treated eyes in the two groups had prior treatment. Clinical characteristics of both groups are shown in Table 1 .
Change during follow-up within the group Table 1 shows the changes in various parameters at 3 and 6 months' follow-up in both the groups. There was slight improvement in visual acuity at the 3 and 6 months' visit in comparison to baseline in both the groups, however, this was not significant. Change in CMT, SRF, outer retinal integrity, and many other parameters on OCT were not significant at 3 and 6 months in both groups. Comparison between nMSL and PDT group Table 2 shows the comparison between the groups in regard to the change of various parameters during follow-up visits.
At the end of 6 months' follow-up, the improvement in BCVA in the nMSL group was significantly higher as compared to the PDT group (logMAR 0.1 ± 0.2 vs −0.01 ± 0.20; p = 0.039; Fig. 1 ). The reduction in the CMT in eyes treated with nMSL (85.5 ± 93.26 microns) was significant when compared to eyes treated with PDT (24.47 ± 73.18 microns; p = 0.02; Fig. 1 ). Though the mean 
Discussion
Current study reports the anatomical outcomes on OCT comparing PDT and micropulse, and supports navigated micropulse laser equally or more effective. nMSL eyes had a statistically significant (p = 0.039) final BCVA of log-MAR units 0.1 ± 0.2 as compared to PDT eyes −0.01 ± 0.20. CMT improved more in nMSL eyes over PDT by 85.5 ± 93.26 and 24.47 ± 73.18 (p = 0.02) microns. Our results are slightly comparable to one similar comparison study by Ozmert et al. [17] who found subthreshold micropulse yellow wavelength laser more effective in the treatment of chronic CSC through better final BCVA as compared to PDT. In their study the micropulse laser group had a 66.7% improvement of at least five ETDRS letters as compared to 33.3% in the PDT group, however the difference was statistically insignificant (p = 0.101).
Considering the theories of pathophysiology of CSCR largely incriminating choroidal disorder with increased thickness, choriocapillary hyper-permeability, vascular congestion, and venous dilatation with exudation of serous fluid via weakened RPE to eventually cause SRF and visual loss [18] [19] [20] [21] [22] [23] , treatment should aim to interrupt those mechanism and cause resorption of SRF. Though there was no significant difference in choroidal parameters between the group, however, higher percentage of eyes had resolution of SRF in nMSL group compared to PDT group (59.09% vs 21.7%).
PDT with vertepofin has proven effective in causing choroidal vascular remodeling and the reduction of choroidal exudation [8, 9, 24, 25] . In an earlier study by Yanuzzi et al. [2] ICG-guided PDT had 12 of 20 (60%) eyes gaining complete resolution of SRF at 6 months mean follow-up and a study by Piccolino et al. [3] resulted in complete resolution of serous retinal detachment 1 month after treatment in 75% of the studied eyes. However, PDT is reported to have several potential serious adverse effects, including RPE changes, permanent choroidal ischemia, and secondary choroidal neovascularization [9, [26] [27] [28] . Moreover, it is a relatively invasive procedure that requires the intravenous injection of vertepofin and the ICG drugs all of which carry risk of anaphylaxis and urticarial reactions in patients [25] .
Alternatively, the 810 or 577 nm subthreshold MP laser photostimulation employing low-intensity, high-density laser in a repetitive short pulses during 5-15% of duty cycle stimulate the production of intracellular antiangiogenic and restorative biological factors without causing visible laser scars with appreciable resorption of SRF [11, [29] [30] [31] . Other studies have shown that subthreshold laser energy induces local regenerative effects, such as restoration of the RPE blood retinal barrier and increased cell adhesion [28] .
The technique has proven effective in treating diabetic retinopathy and branch retinal vein occlusion [32] [33] [34] , and of recent chronic CSCR with an added advantage of better retina sensitivity after treatment [24, 35] . One of the prospective non-comparative interventional study of 26 chronic CSCR with juxta-foveal leakage on FFA using subthreshold microdiode laser had 57% (n = 15) eyes gaining three or more lines of vision [36] . The treatment effect in CSCR is more robust with yellow wavelength (577 nm) laser, which produces combined absorption by both melanin and oxyhemoglobin with maximum absorption in the pigment epithelium and choriocapillaries. This carry negligible xanthophyll absorption with tissue preservation making the treatment safe to repeat in a case of recurrence or quick unresponsiveness which are common with this disease [30, 31] . A study by Chhablani et al. using Navilas ® yellow laser found a complete resolution of SRF in 15 out of 16 (94%) eyes treated indicating high efficiency [37] .
Limitations of the study include retrospective nature, small sample size, and only 6 months' follow-up. Retinal sensitivity on microperimetry may have been another important parameter to compare the functional outcomes between the groups.
In conclusion, nMSL seems to be superior over PDT in improving visual and anatomical outcomes. Subthreshold microsecond laser is a cost-effective, less destructive with less potential adverse effects like RPE changes, choroidal ischemia, and neovascularization, therefore, it can be considered as a cheap alternative to PDT in treatment of CSCR. Further randomized prospective studies are warranted with larger sample size and longer follow-up are warranted to establish its role in this intriguing disease.
Summary
What was known before • PDT has been the standard of care for CSCR especially for chronic CSCR.
• PDT is associated with various complications such as RPE atrophy, choroidal ischemia, and rarely choroidal neovascularization.
• Subthreshold laser is effective in CSCR.
What this study adds
• Microsecond laser achieved better visual and anatomical outcomes compared to PDT in chronic CSCR.
• Microsecond laser can be considered as cheap alternative to PDT in treatment of CSCR. 
